We described herein the sy nthesis of novel bis-1,3,4-oxadiazole containing glycine moiety . N-{5-[5-(4-methoxyphenyl)-1,3,4-oxadiazole-2-yl-sulfanyl]-1,3,4-oxadiazole-2-yl-methy l}-4-methoxybenzamide was fully characterized by elemental analysis, FT-IR and 1 H NM R sp ectroscopy. Also this study was designed to show the effects of bis-oxadiazole compound on the activities of some transferase enzy mes such as: GOT, GPT and γ-GT in sera. This compound demonstrated activation on GOT and GPT activities, inhibitory effects on the γ-GT activity. These effects increased with the increasing of the concentration of the compound. The causes of the increases and decreases in the enzy mes activities are discussed.
Introduction
Derivatives of 1,3,4-oxadiazole constitute an important family of heterocyclic compounds [1] . Substituted 1,3,4-oxadiazole are considerable pharmaceutical and material interest, which are documented by a steadily increasing number of publications and patents, reported among these activities were: nervous sy stem depressing [2] , muscle relaxants [3] , analgesic [4] , herbicidal [5] , hypoglycemic [6] , antifungl [7] , anti-inflammatory [8] and antibacterial [9] activities. In addition to that, derivatives of 1,3,4-oxadiazole are used in agriculture [10] , photosensitizer [11] and liquid crystals [12] .
Also, the derivatives of heterocyclic compounds were studied to show their effects on activities of some transferase enzy mes. Dere et al [13] studied the biochemical analysis of (PQ) (1,1-dimethy l-4,4 \ -bipiridillium) on some transferase enzy mes and they found some changes (increases or decreases) in these enzy mes activities. Glutamate oxaloacetate transaminase (GOT) Enzy me EC 2.6.1.1: it is called also aspartate amino transfer (AST), it is one of the most important of transferase enzy mes, catalyzes the transfer of the amino group of aspartate to α-ketoglutrate. GOT is widely distributed in human tissues; heart, liver, skeletal muscle and kidney. The optimum conditions of maximum enzy me activity are pH= 7.4 and temp. = 37°C. The clinical usefulness of the enzy me is largely restricted to the diagnosis of heart and liver diseases. Large amount of GOT may be released in to the blood. Very high levels are observed in acute liver disease while lesser elevation is seen in chronic liver disease.
Glutamate pyruvate transaminase (GPT) Enzy me EC 2.6.1.2: it is also called alanine amino transferase (ALT) which is prevalent in mammalian tissue catalyzes the transfer of the amino group of alanine to α-ketoglutrate. GPT is found in a highest concentration in livers in sp ite of its active occurrence in skeletal muscles, heart and kidneys. The GPT activity in tissues is generally less than GOT. GPT level found to increase in the following diseases; infection hepatitis, liver cirrhosis and biliary cirrhosis, obstructive jaundice and liver cancer.
Gamma glutamate transferase (γ-GT) Enzy me EC 2.3.2.2: it is also called gamma glutamate transpeptides (γ-GT) or (GGT), it is found in kidneys and liver and catalyzes the transfer of gamma-glutamyl group from glutathione to an amino acid. GGT levels are increased in most forms of liver disease, especially cholestasis. GGT, a plasma membrane-bound enzy me, provides the only activity capable to effect the hydrolysis of extra cellular glutathione (GSH), thus favoring the cellular utilization of its constituent amino acids.
The common procedures of cyclization of oxadiazole ring is promoted by heat and anhydrous reagents like: thionyl chloride [14] , phosp horous oxychloride [15] , phosp horous pentoxide [16] , triphenylphosp hine [17] and triflic anhydride [18] . Also, Feray et al [19] showed the sy nthesis of the oxadiazole derivatives using the sy nthetic procedure based on the ring closure reactions of appropriate acid hydrazides with carbon disulfide in alkali media [20] .
In the literature, we did not found any studies of the effect of oxadiazole derivatives on the activity of transferase enzy mes. So, we studied here the effective of bis-1,3,4-oxadiazole compound containing sulfur atom between the two oxadiazole rings derived from N-p rotected glaycine attached at C-5 of the oxadiazole ring, on the activities of some tranferase enzy mes in sera. This product might be potential compound for biological activity tests on transferase enzy mes. A literature search revealed that no such oxadiazoles derived from amino acids have yet been prepared except Sebastiao et al [21] who sy nthesized some 3-aryl-1,2,4-oxadiazoles carrying protected L-alanine side chain.
Result and Discussion

S ynthesis
The characterization data of all compounds 1-7 are given in the experimental section. All the newly sy nthesized compounds gave satisfactory analysis for the proposed structures, which were confirmed on the basis of their elemental analysis, FT-IR and 1 H NM R data. Our sy nthetic strategy is show in scheme 1.
S cheme 1. S ynthesis of compounds (1-7)
The first step was began to convert 4-methoxybenzoic acid (Anisic acid) to 4-methoxymethyl benzoate 1 by the standard esterfication method [22] . 4-M ethoxybenzoy l hydrazine 2 was sy nthesized in good yield from the reaction of ester 1 with excess of hydrazine hydrate in ethanol. Compound 3 was sy nthesized by the ring closure reaction of acid hydrazide 2 with carbon disulfide in ethanolic KOH.
The tautomeric equilibrium in compound 3 (3 a and 3 b ) was investigated both for isolated and for solvated sp ecies considering the solution medium. Tsoleridis [23] studied the same equilibrium and he found that the thiol form (3 b ) is more stable in the gas phase. However, 
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this is contrary to the known experimental finding. On the basis of FT-IR and 1 H NM R data, it is know that 5-(4-methoxyphenyl)-1,3,4-oxadiazole-2-thione (3 a ) exist in solution in the thione rather than the thiol form [24] . Parallel to experimental data, the thione tautomer is more stable than thiol in the solution. The equilibrium is even more favored to words the thione because the thione is better solvated than thiol. In the 1 H NM R sp ectrum of compound 3 ( Fig. 1.) , the broad peak at δ 14.38-14.78 of the NH proton was recorded, although it was very weak. It has been reported that the crystal structure of compound 3 corresp ond to the thione form [25] , but the reaction conditions for the sy nthesis of compound 4 prove that compound 3 can be in the thiol form too. Finally, the crystal structure of compound 3 corresp onded to the thione form, but they showed thiol -thione tautomerism in solution.
. The mechanism [26] of ring closure of hydrazide by carbon disulfide may be outlined as follows in scheme 2.
S cheme 2. The mechanism steps of formation of compound (3)
An attempt to prepare the thio ester of oxadiazole ring 4 by the treatment of compound 3 with an excess of ethy l chloroformate was successful and the product obtained was identified by elemental analysis, FT-IR and 1 H NM R, Figure The compound 6 was sy nthesized by the reaction of 4-methoxybenzoy l chloride with glycine according to Steiger , s p rocedure [27] , to afford the corresp onding hippuric acid 6. The 1 H NM R sp ectrum of compound 6 was shown in figure 4 . The hydrazide of oxadiazole ring 5 and compound 6 could be smoothly cyclidehydrated by boilig in phosp horus oxychloride affording the bis oxadiazole 7 in good yield. The 1 H NM R sp ectra of this compound was shown in Figure 5 . The mechanism of dehydration in the presence of POCl 3 is depicted in the following steps: (Scheme 3). 
Biological activity of Transferase enzymes (GOT, GPT and GGT)
This research addresses investigation of the effects of compound (7) of GOT, GPT and γ-GT enzy mes. The biochemical tests revealed that this compound caused inhibitory effects on γ-GT enzy me activity and activatory effects on GOT and GPT enzy mes activities. Table 1. shows the effect of different concentrations of compound (7) on the activity of GOT, GPT and γ-GT enzy mes in human serum.
The normal value of the GOT and GPT enzy me activities were (17 and 16 U/L) respectively. The relationship between compound (7) concentrations versus and the activity of enzy mes were shown in figure 6. These results observed that any increase in compound concentrations caused an increase in the percentage of activation of enzy mes. The greater activation of compound (7) was demonstrated at concentration 10 -2 M (364.705%) for GOT and 10 -2 M (300%) for GPT as shown in figure 7 . The normal value of the γ-GT enzy me activity was (6.545 U/L). The relationship between compound (7) concentration versus and the activity of enzy me was shown in figure 8(a) . These results observed that any increase in compound concentrations caused an increase in the percentage of inhibition of enzy me. The greater inhibition of compound (7) in which enzy me concentration was held constant, were carried out. In the first experiment the velocity of uninhibited enzy me was established, in the second experimental constant amount of inhibitor is included in each enzy me assay. Varieties of substances have the ability to reduce or eliminate the catalytic activity of sp ecific enzyme [28] . Table 2 . and figure 9(a). showed that the ty pe of enzy me activation using Lineweaver-Burk plot for compound (7) on serum GOT activity. The V max and K m values determined with 10 -2 M of compound (7) and without it. V max and K m values without compound (7) were 67 U/L, 200 M respectively. A liquate 10 -2 M of compound (7) was noncompetitive activation for enzy me activity. Noncompetitive activation changed the V max of the enzyme but not the K m . When concentration of compound was 10 -2 M , the V max was 50 M . By using LineweaverBurk equation, the K i values of enzy me for compound which was studied in different concentrations. The K i of compound (7) in 10 -2 M was 0.0129 M . Table 2 . and figure 9(b) . showed that the ty pe of enzy me activation using Lineweaver-Burk plot for compound (7) on serum GPT activity. The V max and K m values determined with 10 -2 M of compound (7) and without it. V max and K m values without compound (7) were 100 U/L, 400 M respectively. A liquate 10 -2 M of compound (7) was noncompetitive activation for enzy me activity. Noncompetitive activation changed the V max of the enzyme but not the K m . When concentration of compound was 10 -2 M , the V max was 50 M . By using LineweaverBurk equation, the K i values of enzy me for compound which was studied in different concentrations. The K i of compound (7) in 10 -2 M was 0.02 M .
The enzy mes play important role in amino acid metabolism and in urea and tricarboxylic acid cycles. We suggested that compound (7) molecule has (N-and O=) groups by which, it activates the active sides of amino acids of GOT and GPT enzy mes by increasing affinity of active sides of enzy mes to react with the substrates. Table 2 . and figure 9(c). showed that the type of enzy me inhibitor using Lineweaver-Burk plot for compound (7) on serum γ-GT activity. The V max and K m values determined with 10 -2 M of compound (7) and without it. V max and K m values without compound (7) (7)have an interaction between the groups (N-and O=) with active sides of amino acids of γ-GT enzy me.
Conclusion
Novel bis-1,3,4-oxadiazole compound containing glycine moiety was prepared and structurally characterized using sp ectroscopic techniques. The sy nthetic route started from esterfication of anisic acid followed by reaction the ester with hydrazine hydrate. The acid hydrazied was converted to thione-thiol oxadiazole tautomer (3) by ring closure mechanism. The thio ester of oxadiazole (4) was prepared by the reaction of tautomer (3) with ethy l chloroformate. The acid hydrazide of oxadiazole (5) was sy nthesized by the same conditions for prepared compound (2) . Compound (7) have been sy nthesized by dehydration mechanism in presence of POCl 3 . The biochemical studies revealed that the bis-oxadiazole caused activatory effects on GOT and GPT enzy mes activities, and inhibitory effects on γ-GT enzy me activity.
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Experimental Materials and physical measurements.
All starting materials and solvents were purchased from Aldrich and Fluka and used without further purification. M elting points were determined on Electrothermal capillary apparatus and are uncorrected, Elemental analysis (C, H, N) were carried out using a Perkin-Elmer model 2400 instrument in university of Al-albait, Amman, Jordan, FT-IR measurements were recorded on Shimadzu model FTIR-8400S in university of Al-M ustanseriya , department of chemistry, college of science, Baghdad, Iraq. 
Materials and methods of biological activity section.
Effect of compound (7) on GOT and GPT activities: Colorimetric determination of GOT or GPT activity according to the following reactions:
GOT L -Asp artate + α-ketoglutrate Oxaloacetic + glutmate GPT Alanine + α-ketoglutrate Pyruvate + glutmate The pyruvate or oxaloacetate formed was measured in its derived from 2,4-dinitrophenylhydrazine, which was absorbed at wave length 505 nm [29] .
Effect of compound (7) on γ-GT activity: Kinetic colorimetric method for the determination of γ-GT activity was assayed by Persijn and Van Der Slik [30] . The principle of the method was measurement of the 5-amino-2-nitro benzoate form from reaction, which was absorbed at wave length 405 nm.
γ-GT L-γ-glutamyl-3-carboxy-4-nitroanilide + glycylglycine L-γ-glutamyl-glycylglycine + 5-amino-2-nitro-benzoate.
A stock solution (0.01 M ) of compound (7) was p repared by dissolving it in ethanol/DMSO (10/1), and the following concentrations (10 -2 , 10 -3 , 10 -4 , 10 -5 M ) were prepared by diluting with absolute ethanol. The enzymes GOT, GPT and GGT activities were measured in human serum by using the same methods of these enzy mes with replacing 100µl of buffer with 100µl of compound (7). The inhibition percentage was calculated by comparing the activity with and without the compound (7) and under the same conditions, according to the equation: % Inhibition = 100 -100 × (The activity in the presence of inhibitor) / (The activity in the absence of inhibitor) The activation percentage was calculated by comparing the activity with and without the activator and under the same conditions, according to the equation: % Activation = 100 × (The activity in the presence of activator) / (The activity in the absence of activator) -100 A constant concentration of compound (7) (10 -2 M ) was used with different substrate concentrations of (40, 80, 120, 160, 200) mmol/L for GOT and GPT, and (0.4, 0.8, 1.2, 1.62) mmol/L for γ-GT, to study the ty pe of inhibition or activation. Buffers were used to prepare different substrates concentrations of these enzymes, GOT, GPT (phosp hate buffer pH= 7.40, 100 mmol/L) and γ-GT (TRIS buffer pH= 8.25, 100 mmol/L). The enzy mes activities were determined with and without compound (7), by using the Lineweaver-Burk equation and 
Preparation methods and physical data of synthesized compounds (1-7)
4-Methoxymethyl benzoate (1)
This compound was prepared by following the procedure described by Vogel [22] . Yield (95%); mp: 49-51°C.
4-Methoxybenzoyl hydrazine (2)
This compound was p repared by following the procedure by described by Smith [32] . Yield (91%); mp: 135-137°C. 
5-(4-
Methoxyphenyl
4-(4-Methoxybenzenesulfonyl)-hippuric acid (6)
Glysine (1.5g, 0.02 mol) in 1N sodium hydroxide solution (20 mL) was cooled at 0-5°C and the cold solution was added dropwise to a solution of 4-methoxybenzoy l chloride (3.41g, 0.02 mol) in chloroform (30mL). The reaction mixture was continued under stirring for an additional 1 h. The aqueous layer was separated and acidified with 2N hydrochloric acid. The product 6 was collected by filtration and recrystallized from ethanol as colorless needles. 
